Chemical investigation of Cratoxylum cochinchinense stem bark has led to the isolation and identification of a new xanthone, cochinchinone M (1), together with 12 known compounds. Their structures were elucidated on the basis of spectroscopic methods, including UV, IR, NMR and MS. Some compounds were evaluated for their antibacterial and acetylcholinesterase inhibitory activities.
The acetone extract of C. cochinchinense stem bark was subjected to silica gel column chromatography to yield a new compound, cochinchinone M (1), together with the known compounds 1,3,7trihydroxy-2,4-diisoprenylaxanthone (2) [15] , cochinchinone A (3) [16] , pruniflorone Q (4) [1] , pruniflorone R (5) [1] , garcinone C (6) [17] , cratoxylone (7) [18] , -mangostin (8) [19] , -mangostin (9) [19] , 3-O-methylmangostenone D (10) [2] , garcinone B (11) [16] , 5,9-dihydroxy-8-methoxy-2,2-dimethyl-7-(3-methylbut-2-enyl)-2H,6H-pyrano [3,2-b] xanthen-6-one (12) [20] , and 11-hydroxy-3-Omethyl-1-isomangostin (13) [21] (Figure 1 ).
Cochinchinone M (1), [] D 25 -13 (c 0.01, MeOH), was obtained as a yellow amorphous solid. The molecular formula, C 28 H 36 O 6 , was deduced from the HRESITOFMS, which showed a pseudomolecular ion peak at m/z 469.2601 [M + H] + (calcd. 469.2590). The IR spectrum indicated the presence of carbonyl (1728 cm -1 ) and hydroxy (3433 cm -1 ) functionalities, while the UV spectrum showed absorption maxima at 243, 274, 321 and 368 nm, indicating a typical xanthone chromophore [22] [23] [24] . The 1 H NMR spectroscopic data (Table 1) The location of the hydrated geranyl unit at C-2 was confirmed by HMBC correlations from H-1' (δ H 2.80) to C-1 (δ C 159.1), C-2 (δ C 111.6) and C-3 (δ C 161.1), while a phenolic resonance at δ H 13.21 (OH-1) also showed HMBC correlations with C-1 (δ C 159.1), C-2 (δ C 111.6) and C-9a (δ C 103.2). The attachment of a reduced prenyl side chain at C-4 was confirmed by 2 J and 3 J HMBC correlation from H-1'' (δ H 2.90) to C-4 (δ C 107.3) and C-4a (δ C 152.9). The proposed structure matches nicely with the HRESITOFMS, as well as with UV and IR results. Therefore, compound 1 was assigned the name cochinchinone M. Detailed assignment of the protons and carbons, as well as HMBC correlations are shown in Table 1 . Table 1 : NMR spectroscopic data for cochinchinone M (1) (400 Hz, acetone-d 6 ). and 15.53 ± 0.85 M. It should be noted that compound 6, with a hydroxy group at C-3, exhibited strong inhibitory activity while compound 5, having a methoxyl group at C-3, was inactive. Table 2 , all compounds, except 8, were evaluated for their antibacterial activity against Gram-positive (Micrococcus luteus TISTR 884, Bacillus cereus TISTR 688, B. subtilis TISTR 008, Staphylococcus aureus TISTR 1466 and Staph. epidermidis ATCC 12228) and Gram-negative (Escherichia coli TISTR 780, Salmonella typhimurium TISTR 292 and Pseudomonas aeruginosa TISTR 781) bacteria. Compounds 1-7, 9 and 12 showed good activity against M. luteus with MIC values of less than 8 µg/mL, especially compound 9, which displayed strong activity with a MIC of 1 µg/mL. Compounds 1, 2, 5-7 and 12 also exhibited antibacterial activity against B. cereus, with MIC values of 2-8 µg/mL. In addition, compounds 2, 5 and 9 displayed strong activity against B. subtilis, Staph. aureus and Ps. aeruginosa with MIC values ranging from 2-8 µg/mL. Compounds 1, 6, 7 and 12 also showed strong activity against Staph. epidermidis with MIC values in the range of 2-8 µg/mL. The remaining compounds displayed moderate (MIC = 32-64 g/mL) and weak activity (MIC = 128 g/mL) against all bacteria tested.
As summarized in
These plant extracts contain interesting anti-bacterial compounds which could be used as natural preservatives in cosmetic or food products, after further biological and toxicity studies. Garcinone C (6) also showed interesting AChE inhibitory activity, which is a key biological player in Alzheimer's disease. Additionally, these results provide important data for the future modification of active compounds to provide potential compounds with more potent activities.
Experimental
General: Melting points were determined on a Buchi B-540 visual thermometer. The optical rotation [] D values were determined with a Bellingham and Stanley ADP400 polarimeter. UV-vis spectra were recorded with a Perkin-Elmer UV-vis spectrometer, the IR spectra with a Perkin-Elmer FTS FT-IR spectrometer, and the NMR spectra with a 400 MHz spectrometer. Chemical shifts are recorded in parts per million () in either CDCl 3 or acetone-d 6 with TMS as an internal standard. ESI-TOF-MS data were measured on a Bruker Daltonics MicroTOF. Quick column chromatography (QCC) and column chromatography (CC) were carried out on silica gel 60 H (Merck, 5-40 m) and silica gel 100 (Merck, 63-200 m), respectively. Precoated plates of silica gel 60 F 254 were used for analytical purposes. 
Extraction and isolation:
The chopped and dried stem barks of C. cochinchinense (2.20 kg) were extracted with acetone (6 L) over a period of 3 days at room temperature and evaporated under reduced pressure to give the acetone extract (194.0 g), which was subjected to QCC over silica gel and eluted with a gradient of hexanes-EtOAc (100% hexanes to 100% EtOAc), providing 9 fractions (A-I).
Recrystallization of fraction B (7.3 g) with 100% CH 2 Cl 2 gave compound 3 (6.2 g, pale-yellow powder, m.p. 129-130  C) [16] . Compound 2 (4.3 mg, pale-yellow powder, m.p. 145-146  C) [15] was obtained from fraction C (802.3 mg) by Sephadex LH-20 eluting with 100% MeOH. Fraction D (40.8 g) was separated by QCC using 80% CH 2 Cl 2 -hexanes to yield 3 sub-fractions (DFA-DFC). Sub-fraction DFA (5.98 g) was further separated by CC with 40% CH 2 Cl 2 -hexanes to provide compound 4 (545.9 mg, pale yellow powder, m.p. 132-133  C) [1] . Compounds 6 (9.7 mg, yellow solid, m.p. 217-218  C) [17] , 8 (2.5 mg, deep-yellow powder, m.p. 188-189  C) [19] , 9 (59.7 mg, yellow needle crystals, m.p. 174-175  C) [19] and 10 (4.8 mg, yellow solid, m.p. 202-203  C) [2] were purified from sub-fraction DFB (12.4 g) by CC with 20% EtOAchexanes. Sub-fraction DFC (7.4 g) was further separated by Sephadex LH-20 with 100% MeOH to give compounds 11 (22.7 mg, yellow solid, m.p. 207-208  C) [16] and 12 (4.7 mg, yellow solid, m.p. 156-157  C [20] . Fraction H (5.2 g) was separated by Sephadex LH-20 with 100% MeOH to yield 4 sub-fractions (HIA-HID). Sub-fraction HIA (244.2 mg) was further subjected to separation over CC with 80% CH 2 Cl 2 -hexanes to provide compounds 1 (6.7 mg, yellow solid, m.p. 201-202C), 5 (78.2 mg pale-yellow powder, m.p. 203-204  C) [1] , and 7 (4.2 mg, yellow powder, m.p. 205-206  C) [18] , whereas compound 13 (4.7 mg, yellow powder, m.p. 140-141  C) [21] was obtained from subfraction HIC (48.8 mg) by repeated CC using 2% MeOH-CH 2 Cl 2 . [25] .
The test substances were dissolved in DMSO. Vancomycin and gentamycin were used as standard drugs.
Bioassay procedures for AChE inhibition:
Electric eel acetylcholinesterase (Type VI-S, lyophilized powder, EC 3.1.1.7), acetylthiocholine iodide, 5,5-thiobis-2-nitrobenzoic acid (DTNB) and galantamine were purchased from Sigma (St. Louis, MO). Buffers and other chemicals were of analytical grade. The assay for measuring acetylcholinesterase (AChE) was performed as previously described with a slight modification [26] [27] [28] . Briefly, 50 μL of Tris buffer (pH 7.8), 25 μL of enzyme solution (0.22 U/mL in buffer), and 25 μL of sample diluted in 50% buffer-MeOH were mixed and incubated for 15 min at 37°C. Then 125 μL DTNB (3 mM in buffer) was added and the addition of 25 μL ATCI (3 mM in water) started the reaction. On account of the hydrolysis of acetylthiocholine, yellow 5-thio-2-nitrobenzoate anion was generated, and the absorbance was recorded at a wavelength of 405 nm after incubation at 37°C for 30 min. Galantamine (IC 50 = 0.56±0.04 M) was used as the positive control. The percentage inhibition was evaluated using the equation I (%) = [1 − (A sample − A background )/A blank ] × 100%, where A sample is the absorbance of each test compound, A blank is the absorbance of the blank without test compound, and A background is the absorbance of the background without enzyme.
Supplementary data: 1 H, 13 C, HMQC, HMBC and mass spectra of 1 are available.
